Mathematical model analysis was used to explain a regime shift of Takkobu Lake in Hokkaido Japan. In this lake, a catastrophic change occurred several years ago from a clear to a turbid water state. Our mathematical model consists of three elements: cyanobacteria, DIN, and submerged plants. In this model, seasonal changes in parameters and states are also considered. This model exhibits a catastrophic change in cyanobacteria density when the level of DIN loading into the lake changes. That change occurs in both cases, with and without submerged plants. We assumed that if an algal bloom occurs then submerged plants go extinct because of light intensity insufficient for growth due to turbid water. Our model also shows 'Hysteresis' in the density of cyanobacteria from the change in the DIN loading level into the lake, since submerged plants inhibit the growth of cyanobacteria through nutrient competition, allelopathy, reduced resuspension, etc. 
Relationships between growth rate and density of cyanobacteria under two different environmental regimes. Fig. 2 . Dynamics of cyanobacteria density. If growth rate is greater than loss rate，then density increases with time. On the other hand，if growth rate is smaller than loss rate，then density decreases with time. Initially，density of cyanobacteria was very small，but changes from the initial state occurred to the stable steady state. Three figures，(a)，(b) and (c) correspond，respectively，to cases where loading rate of nitrate is low，medium and high. In case (a)，cyanobacteria go extinct. In case (b)，steady state of very low density is attained. In case (c)，cyanobacteria bloom occurs. 
